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[57] ABSTRACT

Prior to measurement of the thickness dx of a thin film
which is formed on a substrate, correlation data be-
tween the reflectance Rs of the film for light and the
thickness dx thereof is stored in a data memory in the
form of a table. A reference sample having a known
reflectance Rp is prepared and the energy Ep of light
reflected from the reference sample is measured. Also
measured is the energy Es of light reflected from an
objective sample having the thin film and the substrate.
A value of the thickness dx is obtained through the table
while setting Y=Rp therein, where y is calculated
through a fomula y=(Rp/Ep)-Es.

4 Claims, 6 Drawing Sheets
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METHOD OF MEASURING THICKNESS OF FILM
WITH A REFERENCE SAMPLE HAVING A
KNOWN REFLECTANCE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of measur-
ing the thickness of a transparent thin film formed on a
substrate and, more particularly, to a technique of mea-
suring the film thickness optically with high accuracy.

2. Description of the Related Arts

Conventionally, various methods have been pro-
posed for optically measuring the thickness of a silicon
oxide film formed on a silicon substrate, for example, 1n
an inspection step of semiconductor manufacturing
process. The conventional methods are classified into
three types according to the principles thereof, which
will be referred to as “a polarization analysis method”,
“a reflected light energy measuring method” and “a
reflectance measuring method™.

In the polarization analysis method, light is irradiated
obliquely to an objective sample, and the thickness of a
transparent thin film formed on a substrate in the sample

is determined on the basis of change of the polarization -

state of the reflected light thereof. The change of the
polarization state has two meanings, one of which 1s the
change of relative phase shifts between a P-wave com-
ponent having electric field vector parallel to the plane

of incidence and an S-wave component vertical thereto,
and the other is the change of amplitude ratio of the
both waves.

The polarization analysis method employes a device
which is called an ellipsometer, and is an excellent tech-
nique capable of measuring a film thickness of even 10
nm or less accurately. However, since it is difficult in
this method to measure the film thickness by specifying
a minute area as a region to be measured on a sampie,
the reflected light energy measuring method is adopted
in place thereof for such measurement of the film thick-
ness. |

In the reflected light energy measuring method, the
film thickness is measured on the basis of the character-
istic that the energy of the light reflected from the ob-
jective sample varies in accordance with the thickness
of the transparent thin film. The variation of the light
energy is caused by the phenomenon that the light re-
flected from the surface of the transparent thin film and
that reflected from the interface between the transpar-
ent thin film and the substrate interfere with each other.

More particularly, this method is conducted as fol-
lows. After obtaining correlation data between the re-
flected light energy and the film thicknesses of the

transparent thin films in reference samples having the

same optical constants of the transparent thin film and
the substrate as the objective sample, the reflected hght
energy of the objective sample is measured. The corre-
lation data is searched for a film thickness approxi-
mately corresponding to the reflected light energy mea-
sured. The value of the film thickness thus found 1is
taken as the film thickness of the transparent thin film in
the objective sample.

The reflectance measuring method is based on the
following principle: The reflectance of the objective
sample, expressed as Rs, can be uniquely determined,
when following conditions are given: a refractive index
n0 of the medium on the incidence side (normally which
is air because the film thickness is measured in the atmo-
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sphere) of the transparent thin film, an absorptivity k0
thereof, a refractive index nl of the transparent thin
film, an absorptivity k1 thereof, a refractive index n2 of
the substrate, an absorptivity k2 thereof, a wavelength A
of the light, an angle of incidence ¢ thereof and the film
thickness dx of the transparent thin film. Hence, provid-
ing that the values n0, nl, n2, k0, k1, k2, A and ¢ are
specified, the film thickness dx can be determined when
the reflectance Rs is defined.

 After correlation data between the reflectance Rs and
the film thickness dx are obtained for imaginary samples
having the same optical constants as the objective sam-
ple, the reflectance Rs of the objective sample is mea-
sured with a light having the same, wavelength A and
angle of incidence ¢ that are used for obtaining the
correlation data. The correlation data is searched for a
film thickness dx approxiamtely corresponding to the
measured reflectance Rs. The value of the film thick-
ness dx thus found is taken as the film thickness dx of the
transparent thin film in the objective sample.

As described above, in the reflected light energy
measuring method, since the film thickness is measured
on the basis of the correlation data between the re-
flected light energy and the film thicknesses, it 1s essen-
tial to obtain the correlation data in advance. However,
it is not easy to obtain it, as described below.

A measured value of the reflected light energy in-
cludes influences of the characteristics peculiar to a
device used for the measurement, for example, a photo-
electric transfer efficiency of photoelectric converter
for detecting light source energy and reflected hight
energy. Hence, the measured value must obtained expe-
rientially as follows: |

First of all, a number of reference samples having
respectively known different film thicknesses of the
transparent thin films and the same optical constants of
the transparent thin films and substrates as the objective
sample are prepared. The respective reflected light
energy of the reference samples is measured with the
same device as that of the objective sample. The mea-

sured results are used as correlation data between the

reflected light energy and the film thicknesses.

Since the correlation data cannot attain sufficient
accuracy in measuring the film thickness without col-
lecting data to some extent in detail, a large number of
reference samples must be prepared. Accordingly, a
large amount of work is necessary for measuring the
reflected light energy of the reference samples. Besides,
it is not easy but requires a large amount of work to
prepare a large number of reference samples.

As aforementioned, the conventional reflected hight
energy measuring method has a problem in that a large
amount of work is necessary for preparation process
because the correlation data between the reflected light
energy and the film thicknesses must be obtained experi-
entially in advance with the device which is actually
used for measuring the objective sample.

Contrary to the energy measuring method, the reflec-
tance measuring method does not have the aforemen-
tioned problem, because it is based on the correlation
data between the reflectance Rs and the film thickness
dx. The value of the reflectance Rs does not include
influences of the characteristics peculiar to a device
used for measurement. Correlation data between the
reflectance Rs and the film thickness dx published 1n
various references are usable. They do not need experi-
ential determination as seen in the case of the correla-
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tion data between the reflected light energy Es and the
film thickness dx which is employed in the reflected
light energy measuring method.

However, it is not easy to measure the reflectance Rs
of the objective sample. In measuring the reflectance of
the objective sample, various measurement conditions,
that is, the refractive index n0 of the medium on the
incidence side of the transparent thin film, the absorp-
tivity kO thereof, the wavelength A of light and the
angle of incidence ¢ thereof must coincide exactly with
those used in measuring the reflectance to obtain the
correlation data between the reflectance Rs and the film
thickness dx in the reference employed.

SUMMARY OF THE INVENTION

The present invention is directed to a method of
measuring a thickness dx of a transparent film provided
in an objective sample, wherein the film is formed on a
substrate and the objective sample has a known correla-
tion between the thickness dx and a reflectance Rs for
hight.

According to the present invention, the method com-
prises the steps of: (a) preparing a reference sample
whose reflectance Rp for light is known; (b) applying a
light to the reference sample and measuring an energy
Ep of a light reflected on the reference sample with a
measuring means; (c) applying a light to the transparent
film of the objective sample and measuring an energy
Es of a light reflected on the objective sample with the
measuring means; (d) calculating a  value
z=(Rp/Ep)-Es; and (e) converting the value z mnto a
value of the thickness dx through the correlation while
setting z=Rs.

Preferably, the method further comprises the step of:
() arranging the correlation in a form of a table and
storing the table in a memory means. The the step (e)
may include the step of: (e-1) converting the value z
through the table in the memory means to obtain the
value of the thickness dx.

In an aspect of the present invention, the correlation
between the reflectance Rs and the thickness dx is modi-
fied into a correlation between a ratio Rs/Rp and the
thickness dx. After measuring the energy Ep and Es, a
ratio w=Es/Ep is calculated. A value of the thickness
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dx is obtained through the correlation between the ratio

Rs/Rp and the thickness dx while setting w=Rs/Rp.
Accordingly, it is an object of the present invention
to provide a method of measuring a film thickness hav-
ing both the advantages that the film thickness can be
measured by measuring the reflected light energy of the
objective sample and that a large amount of work 1s not
necessary for preparation process. In other words, the
object of the present invention is to provide a film thick-
ness measuring method wherein the necessity of a large
amount of work for preparation process is elimmated
and the objective sample can be measured easily.
These and other objects, features, aspects and advan-
tages of the present invention will become more appar-
ent from the following detailed description of the pres-
ent invention when taken in conjunction with the ac-

companying drawings.
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram showing the overall
structure of a film thickness measuring system accord-
ing to a first preferred embodiment of the present inven-

tion;
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FIG. 2 is a schematic block diagram showing part of
the system according to the first preferred embodiment;

FIG. 3 is a schematic block diagram showing the part
of a system accotding to a second preferred embodi-
ment of the present invention;

FIG. 4 is a graph showing examples of a function {(y);

FIG. 5 is a schematic block diagram showning part of

a modified system; |
FIG. 6 is a graph showing examples of a function

g(v);

FIG. 7 is a schematic block diagram showing part of
another modified system; and

FIG. 8 is a schematic block diagram showing a cir-
cuitry for obtaining an approximate value of y in.a

correlation data.

DESCRIPTION OF PREFERRED
- EMBODIMENTS

§1. Overall Structure

FIG. 11s a schematic diagram of a system for measur-
ing film thickness according to a first preferred embodi-
ment of the present invention. An objective sample S,
which is placed on a sample table 3, has a silicon sub-
strate 2 and a silicon oxide film 1 formed thereon. The
system is usable to measure the thickness dx of the film
1. Light is irradiated from a light source 11. The light
passes through a condensing optics 12, a half mirror 16
and an image-formation optics 18 to reach the top por-
tion of the objective sample S. A part of the light is
reflected on the top surface of the film 1 while another
part is reflected at the interface between the film 1 and
the substrate 2. These parts then interfere with each
other to become a reflected light having energy depend-
ing on the thickness dx of the film 1.

The reflected light is focused by the image-formation
optics 18, and is transmitted to the half mirror 16. The
light then reaches a mirror 20 having a pin hole 20a.
Part of the light is reflected on the mirror area around
the hold 20a and is further reflected by a mirror 22.
Then, the light is incident through an image-formation
lens 24 onto a camera unit 26.

While observing the top image of the objective sam-
ple S which is picked up by the camera umt 26 and
displayed on a CRT 28 through a display controller 27,
an operator moves the sample table 3 to make an objec-
tive region on the sample S come to the position just
below the image-formation optics 18. The hght source
11 may be a halogen lump irradiating visible white light.

On the other hand, part of the reflected light which
passes through the pin hole 20a is received by a spectro-
scope 32. The spectroscope 32 is operable to split the
received light into respective wavelengthes and to de-
tect the light energy Es of a component having a pre-
scribed wavelength A. Therefore, detector module 10
which consists of the elements 11, 12, 16, 18, 20 and 26
is equivalent to a module in which a monochromatic
light having the wavelength A is used for the measure-
ment. The spectroscope 32 photoelectrically converts
the light energy Es into an electric signal representing
the value of the light energy Es.

The electric signal is converted into a digital signal
through an A/D converter 33 and is transmitted to a
microcomputer 100 for calculating the thickness dx of
the film 1. The microcomputer 100 is provided with a
CPU and a memory, which is so programmed as to
conduct the process described later.

§2. Principle of Preferred Embodiment
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Before the operation of the system is explained, the
principle of measuring the thickness dx which is em-
ployed in the preferred embodiment is described. The
symbols n0, n1, n2, k0, k1, k2, A and ¢ which are intro-
duced in the description of the related arts are also used
in the following analysis. That 1s,

n0, kO: the reflective index and the absorptivility of

air,
n1, k1: those of the silicon oxide film 1,
n2, k2: those of the silicon substrate 2,
A: the wavelength of the light which is substantially
used for the measurement, and
¢: the incident angle of the light onto the film 1.
‘The reflectance Rs of the film 1 is a function of the
thickness dx thereof and these parameters. Therefore,
when the values of the parameters n0~n2, k0~k2, A
and ¢ are fixed, there is a one-to-one correspdence
between the reflectance Rs and the thickness dx. When
a variable y representing variation of the reflectance Rs
is introduced, the correlation between the variable y
and the thickness dx can be easily known from refer-
ences or data books which are commertially available.

10

15

20

For example, “Handbook of Optical Constants of

Solids”, Academic Press, is one of the reference avail-
able. The correlation between the variable y and the
thickness dx depends on the values of the optical con-
stants n0~n2, k0~k2, A and ¢. The reference 1is
searched for the data representing the correlation be-
tween reflectance and thickness under the same optical
constants as the objective sample 1. The correlation
data thus found in hereinafter referred to as “the reflect-
ance-thickness correlation data™. |

On the other hand, the light energy Es which is mea-
sured by the detector module 10 is in proportion to the
reflectance Rs. Accordingly, the following relation (1}
holds:

Es=K-Rs (D
where K is a constant which depends on the character
of the optical module 10 but is independent of the type
of samples measured. If a reference sample having a
known reflectance Rp for light is prepared and mea-
sured with the same optical module 10, the light energy
Ep which is received by the spectroscope 32 is expected
to satisfy the following equation (2).

Ep=K-Rp (2)
From the equations (1) and (2), the following equa-
tion (3) is obtained.

Rs/Rp=Es/Ep 3)

The equation (3) can be modified as:

Rs=(Rp/Ep)-Es (4)

The light energy Es and Ep can be detected by the
optical module 10 and the reflectance Rp has a known
value. Consequently, the reflectance Rs can be obtained
through the equation (4) and the thickness dx can be
determined by referring to the reflectance-thickness
correlation data. ,

The preferred embodiment is constructed according
to the principle described above.

§3. Procedure and Operation
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The method measuring the thickness dx according to
the preferred embodiment is conducted as follows:

First, in preparation process for measuring the thick-
ness dx of the film 1 in the objective sample S, correla-
tion data between the reflectance and film thickness
under the same optical constants of the transparent thin
film and substrate as the objective sample S is found in
the aforementioned reference. The reflectance-thick-
ness correlation data is stored in a data memory 101
(FIG. 2) which is provided in the microcomputer 100.
Preferably, the data is stored in a look-up table form.
When one value of the reflectance y or Rs is inputted to
the memory 101 as an address signal, one value of the
thickness dx corresponding thereto is outputted from
the memory 101. In FIG. 2, symbols y1-y» and dx;-dxn
represent respective discrete values of the reflectance
Rs and the thickness dx corresponding thereto, respec-
tively. The number n is an integer larger than one.

Further previous preparation is to prepare one refer-
ence sample whose reflectance Rp is known. The refer-
ence sample may have a structure where a transparent
thin film is formed on a substrate. Alternatively, the
reference sample may have a substrate only. The optical
constants of the reference sample may be different from
those of the object sample S. As long as the reflectance
Rp of the reference sample is known, other optical
constants of the reference sample may be unknown.

Preferably, the reference sample is made of materials
whose optical constants are not extremely different
from those of the objective sample S. In the preferred
embodiment, a reference sample, which is shown 1n
FIG. 2 as a sample P, has a substrate 2a only which i1s
made of the same material with the objective sample S,
i.e., silicon.

Prior to the objective sample S, the reference sample
P is placec: on the sample table 3 and the detector mod-
ule 10 is enabled to measure the energy Ep of the light
component which has the wavelength A and is included
in the light reflected from the reference sample P. Al-
though each of the detector module 10 and the A/D
converter 33 is shown in FIG. 2 in duplication for con-
venience of illustration, only a single detector module
and a single A/D converter are provided in the actual
system for measuring the light energy as shown in F1G.
1. The value Ep of the energy detected by the spectro-
scope 32 is stored in a register 103 provided in the mi-
crocomputer 100. Besides, through a keyboard 34 (FIG.
1), the known value of the reflectance Rp of the refer-
ence sample P is stored in the register 103.

When the above preparation process has been com-
pleted, the reference sample P on the sample table 3 is
replaced by the objective sample S and the energy Es of
the light component which has the wavelength A and is
included in the light reflected from the objective sample
S is measured by the detector module 10. A calculator
104 receives the value Es from the module 10 together
with the values Ep and Rp from the register 103 to
calculate a value z as:

z=(Rp/Ep)-Es (5)

The register 103 and the calculator 104 are main
elements of a data converter 102, whose function may
be attained through a software program of the mi-

crocomputer 100.

The value z is transmitted to the data memory 101 as
an address signal y thereof. In response to the input of
the address signal y, the data memory 101 outputs a



5,101,111

7

value of the thickness dx corresponding to the address
signal y. For example, when z (=y)=y2, the value dx;
of the thickness dx is outputted. The value of the thick-
ness dx is delivered to the CRT 28 through the display
controller 27 and is displayed thereon. The value of the
thickness dx may be printed on a recording sheet with a
printer (not shown).

Although the wavelength A of the measured hight in
measuring the reflected light energy Ep of the reference
sample P and that of the light in measuring the energy
Es of the light reflected from the objective sample S
must coincide with each other, the value of the common
wavelength A 1s arbitrary.

§4. Advantage of First Preferred Embodiment

The first preferred embodiment, capable of determin-
ing the film thickness dx by measuring the energy Es of
the light reflected from the objective sample, does not
require complex work in preparation process. |

Also, the determination of the film thickness accord-
ing to the preferred embodiment does not employ the
correlation data between the energy Es of the reflected
light and the film thickness dx as seen in the conven-
tional techniques according to the energy measuring
method, but employs the correlation data between the
reflectance Rs and the film thickness dx, thereby having
following advantages.

The correlation data between the reflected light en-
ergy Es and the film thickness dx can be obtained only
experientially, because the reflected light energy Es
includes the characteristics peculiar to measuring de-

vices. A large amount of work is required to obtain 1it.

On the contrary, the correlation data between the re-
flectance Rs and the film thickness dx neither includes
characteristics peculiar to measuring devices, nor re-
quires experiential obtainment in each measurement. It
can be obtained easily from various references.

The conventional film thickness measuring tech-
~ niques according to the reflected hight energy measur-
ing method require a large amount of work of preparing
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35

many reference samples and measuring the energy of 40

each reflected light in advance, however the film thick-
ness measuring method of the preferred embodiment
does not. In the preferred embodiment, it is necessary to
prepare a refernece sample having a known reflectance
in advance and to measure the reflected light energy Ep
thereof, because of the calculation of the reflectance Rs
of the objective sample S is attained through use of the
value Rp. However, only one reference sample is suffi-
cient, and the reflected light energy is measured only
once. The preparation process, though necessary, needs
remarkably less work in the preferred embodiment, as
compared with the conventional film thickness measur-
ing techniques according to the reflected light energy
‘measuring method.

§5. Second Preferred Embodiment

FIG. 3 is a schematic diagram of a system according
to a second preferred embodiment of the present inven-
tion. The overall structure of this system is the same
with the first preferred embodiment shown in FIG. 1.
The second preferred embodiment 1s based on the equa-
tion (3). The reference sample P having the known
reflectance Rp is also employed. The reflectance-thick-
ness correlation data is obtained from the aforemen-
tioned reference, and is converted into modified corre-
lation data which represents the correlation between

the ratio;

va Rs/Rp (6)
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and the thickness dx. The modified correlation data can
be obtained by dividing the respective values of the
reflectance Rs by the value Rp in the reflectance-thick-
ness correlation data represented in a table form. The
division may be carried out with an electric calculator.

The modified correlation data 1s stored in a data
memory 111 (FIG. 3) in the form of a look-up table
form. Then, the reflected light energy Ep for the refer-
ence sample P is measured with the detector module 10.
The value Ep is stored in a register 113 provided in a
data converter 112. After replacing the reference sam-
ple P with the objective sample S, the detector module
10 is enabled again and the reflected light energy Es of
the objective sample S is measured. The value Es is fed
to a calculator 114, which calculates the ratio w as:

w=FEs/Ep (7)

The signal representing the ratio w is transmitted to
the data memory 111 as an address signal v. An address
designated by the signal v=w is accessed and one value
of the thickness dx is outputted for the data memory
111. For example, when the respective values of the
ratio v are vi, vs, ..., vyand the address signal v i1s va,
the value dx; of the thickness dx is outputted. The value
of the thickness dx is displaced on the CRT 28.

§6. Advantage of Second Preferred Embodiment

The advantage which is explained in §4 is also applied
to the second preferred embodiment. The modified
correlation data is easily obtained through the search of
the reference and the division by the reflectance Rp.
Only a single reference sample is required, and a large
amount of work is not necessary in the preparation
process.

§7. Generalization

The present invention can be generalized as follows:

Suppose a monotone function f(y) of the vanable y.
Some examples thereof are shown in FIG. 4. Then, the
reflectance-thickness correlation data i1s modified by
calculating f(y) for respective values y=y1, ¥2, ..., ¥n
to obtain a modified correlation data. The modified
correlation data is stored in a memory 121 (FIG. §). The
known value of the reflectance Rp and the measured
value Ep are stored in a register 123. When the energy
Es is measured, a calculator 124 calculates the value of
the function f(z) from respective values Ep, Rp and Es.
The value f(z) is transmitted to the data memory 121 as
an address signal f(y). One value of the thickness dx
corresponding to the address f(y)=1{(z) is outputted
from the data memory 121. Other constructions and
operations are the same with the first preferred embodi-
ment.

If the monotone function f(y) is a linear function as
shown by a solid line in FIG. 4, the system shown in
FIG. 5 coincides with that of FIG. 2.

A similar generalization can be applied to the second
preferred embodiment. A monotone function g(v) 1s
selected, whose examples are shown in FIG. 6. The
reflectance-thickness correlation data is so modified as
to represent the correlation between the respective
values g(v)-g(vn) and dxi-dx, by caiculating the values
of the function g(v) for v=vy, v2, ..., vp, and 1s stored
in a data memory 131. A calculator 134 calculates a
value g(w) from the values Ep and Es. The value Ep 1s
previously measured and stored in a register 133. The
value g(w) is transmitted to the data memory 131 as an
address signal thereof. A value of the thickness dx cor-
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responding to the address g(v)= g(w) is outputted from
the data memory 131. Other constructions and opera-
tions are the same with the second preferred embodi-
ment.

In the function g(v) is a linear function, the system
shown in FIG. 7 coincides with the system of FIG. 3
according to the second preferred embodiment.

These generalizations are also effective since the
constant K depending on the characteristics of the mea-
suring device, which is the detector module 10 1n the
embodiment, does not appear the values of the functions
f(y), f(z), g(v) and g(w) as well as the values y, X, v and
w. The functions f(y) and g(v) may be exponential func-
tions, logalithmic functions or other monotone func-
tions as well as linear functions.

FIG. 8 illustrates part of a system according to an-
other preferred embodiment, where other constructions
are the same with the first preferred embodiment. This
system is operable to specify the value of the thickness
dx even if a value of the thickness dx is not given at the
address which is designated by the calculated value z.
In this system, the calculated value z is transmitted to a
comparator 151. The respective values y;-y, are stored
in a memory 150, and the comparator 151 compares the
value z with respective values y1-yn to find a value y4
which is nearest to the value z among y1-y». The value
y 4 thus found is transmitted to the data memory 101 in
which the reflectance-thickness correlation data 1s pre-
viously stored as is in the first preferred embodiment.
The value of the thickness dx corresponding to the
address y 4is outputted from the data memory 101. Such
a system is effective when the number n of the data
components in the reflectance-thickness correlation
data is not so large, for example.

Similar modifications can be applied to the systems
shown in FIGS. 4-7. When the symbols z, y1-ynand y4
are respectively replaced with:

W, VI-Vp and vg;

f(z), f(y1)-f(yn) and fy4; or

g(w), g(vi1)-g(va) and gv4,
the modification for the system shown in FIGS. 4, 5, 6

or 7 is obtained, where;
v 4; the nearest value to w within vi-vp
f,4; the nearest value to f(z) within f(y)-f(y»); and
g,4; the nearest value to g(w) within g(vi)-g(va).
In these cases, the data memory 101 in FIG. 8 1s
replaced with the data memory 111, 121 or 131.
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Interporation circuits for interporation the values of
the thickness dx may be provided in place of the con-

struction shown in FIG. 8.
Although the present invention has been described

and illustrated in detail, it is clearly understood that the

same is by way of illustration and example only and 1s
not to be taken by way of limitation. The spirit and
scope of the present invention should be limited only by
the terms of the appended claims.

I claim:

1. A method of measuring a thickness dx of a trans-
parent film provided in an objective sample, wherein
said film is formed on a substrate and said objective
sample has a known first correlation between a thick-
ness dx and a reflectance Rs for light, said method com-
prising the steps of:

(a) preparing a reference sample whose reflectance

Rp for light 1s known;

(b) modifying said first correlation into a second cor-
relation between a ratio Rs/Rp and thickness dx;

(c) applying a light to said reference sample and mea-
suring an energy Ep of a light reflected on said
reference sample with a measuring means;

(d) applying a light to said transparent film of said
objective sample and measuring an energy Es of a
light reflected on said objective sample with said
measuring means; |

(e) calculating a ratio w=Es/Ep; and

() accessing a specific value of a thickness dx using
said second correlation by setting w=Rs/Rp.

2. The method of claim 1, further comprising the step

of:

(g) arranging said second correlation in a form of a
table and storing said table in a memory means;

the step (f) including the step of:

(f-1) converting said value w through said table in
said memory means to obtain said value of said
thickness dx.

3. The method of claim 2, wherein:

the step (g) includes the step of:

(g-1) storing said table in said memory means in a
form of a look-up table.

4. The method of claim 3, wherein;

the step (g) includes the step of:

(g-1) making said table for discrete values vy, v2, .

, vp Of said ratio v; |

the step (f-1) includes the steps of:

(f-1-1) obtaining a value v4 which 1s nearest to said
value w among said discrete values vy, v2, ..., Vn;

(f-1-2) converting said value vg4 through said table

into said value of said thickness dx.
¥ % x x |
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